Myocardial fiber diameters were measured to determine their distribution throughout the ventricular wall in normal adult hearts, hypertensive hearts and hearts with hypertrophic cardiomyopathy (1HCM). In normal a'dult hearts and hypertensive hearts, the diameter decreased from the inner to the outer third of the left ventricular free wall and from the left ventricular side to the right ventricular side of the septum. In HCM, these regional differences were preserved in the left ventricular free wall, but not in the septum. The diameter was greatest in the middle third of the septum, where myocardial fiber disarray was widely distributed. The diameters of the fibers in the right ventricular side of the septum were significantly larger than those of the fibers in the left ventricular side of the septum in HCM. This finding, in contrast to that in normal adult hearts or hypertensive hearts, was considered to be related to the inward convex curvature of the left ventricular chamber. Although there was no significant difference in the diameter of myocardial fibers in the left ventricular free wall between hypertensive hearts and hearts with HCM, the diameters of those in the right ventricular free wall, in the right ventricular side of the septum and in the middle third of the septum were significantly larger in HCM than in hypertensive hearts. We conclude that there is a transmural variation of myocardial fiber diameter in the left ventricuar free wall and the ventricular septum, and such transmural variation in HCM is clearly different from that in hypertensive hearts.
SUMMARY Myocardial fiber diameters were measured to determine their distribution throughout the ventricular wall in normal adult hearts, hypertensive hearts and hearts with hypertrophic cardiomyopathy (1HCM). In normal a'dult hearts and hypertensive hearts, the diameter decreased from the inner to the outer third of the left ventricular free wall and from the left ventricular side to the right ventricular side of the septum. In HCM, these regional differences were preserved in the left ventricular free wall, but not in the septum. The diameter was greatest in the middle third of the septum, where myocardial fiber disarray was widely distributed. The diameters of the fibers in the right ventricular side of the septum were significantly larger than those of the fibers in the left ventricular side of the septum in HCM. This finding, in contrast to that in normal adult hearts or hypertensive hearts, was considered to be related to the inward convex curvature of the left ventricular chamber. Although there was no significant difference in the diameter of myocardial fibers in the left ventricular free wall between hypertensive hearts and hearts with HCM, the diameters of those in the right ventricular free wall, in the right ventricular side of the septum and in the middle third of the septum were significantly larger in HCM than in hypertensive hearts. We conclude that there is a transmural variation of myocardial fiber diameter in the left ventricuar free wall and the ventricular septum, and such transmural variation in HCM is clearly different from that in hypertensive hearts.
THE DIAMETERS of myocardial fibers in various heart diseases and in different regions of the heart have been recorded. However, little information is available on the regional variations throughout the ventricular wall. Studies on the regional distribution of intramyocardial pressure7-' and ventricular stress"-'2 lead one to expect that the diameter of myocardial fibers varies with their depth in the ventricular wall from the endocardial to the epicardial layers.
Since the initial description by Brock,"3 there have been several reports of hypertrophic cardiomyopathy (HCM) coexisting with systemic hypertension. 1416 Moreover, asymmetric septal hypertrophy, which is one of the characteristic features of HCM, is not uncommon in patients with systemic hypertension.'719 Therefore, a differentiation between these two entities is clinically important when asymmetric septal hypertrophy coexists with systemic hypertension.
In the present study we measured the diameters of myocardial fibers in different regions of the heart to determine the differences in their distribution throughout the ventricular wall in normal hearts, hypertensive hearts and hearts with HCM.
Materials and Methods
Forty-three autopsied hearts were studied: 16 normal adult hearts, 16 hearts with concentric hyper-trophy due to hypertension and 11 hearts with HCM. The age, sex and heart weights of the subjects are listed in table 1.
A heart was considered normal if it had no evidence of clinical heart disease, the coronary arteries did not show more than 75% luminal narrowing and the heart weighed less than 350 g. Of the 16 normal adult hearts, six (four male and two female) weighed 200-250 g, five (three male and two female) 250-300 g and five (three male and two female) 300-350 g. The mean weights of male and female hearts were 270 g and 271 g, respectively. If there was a clear-cut history of hypertension and the heart weighed over 400 g, it was included in the hypertensive group. In this group, two cases of concentric hypertrophy not due to hypertension were also included: one case of pulseless disease with severe luminal narrowing of the abdominal aorta and one of aortic stenosis with minimal aortic regurgitation. Of the 16 hypertensive hearts, six (four male and two female) weighed 400-500 g, six (three male and three female) weighed 500-700 g and four (three male and one female) weighed 700-1000 g. Of the 11 cases of HCM, nine were diagnosed clinically and pathologically as HCM. In the remaining two patients, the diagnosis was based on the pathologic findings. The pathologic criteria for HCM were asymmetric septal hypertrophy (defined as a septal-free wall ratio of 1.3 or greater)20 in the absence of valvular, congenital or infectious heart disease that could have produced left ventricular hypertrophy, and widespread distribution of disarray that occupied 5% or more of the septum.2' A band-like endocardial fibrous thickening of the septum below the aortic valve22 was suggestive of the presence of outflow obstruction. Autopsy data on 11 cases of HCM are listed in table 2. 16 10/6 30-68 54 425-900 592 HCM 11 9/2 20-76 46 340-970 591 Abbreviations: HW = heart weight; NA = normal adult; HHD = hypertensive heart disease; HCM = hypertrophic cardiomyopathy.
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Tissue Preparation
The hearts were fixed in 10% formalin and sliced serially and transversely at about 1-cm intervals. A slice from the middle third of the heart was used in normal and hypertensive hearts. In hearts with HCM, the slice with maximal septal hypertrophy was selected. From each heart slice, three tissue blocks were taken from the middle portion of the ventricular septum, the lateral left ventricular wall and the lateral right ventricular wall. These tissue blocks were embedded in paraffin and sectioned transversely and longitudinally at a thickness of 3 ,u. The sections were stained with hematoxylin-eosin.
Measurements of Myocardial Fiber Diameter
To measure myocardial fiber diameter, a generalpurpose color image processor (model VIP-21, Olympus Co.) was used. This processor consisted of a color television camera, a high-resolution color television monitor, an image-processing and calculation unit with a microprocessor, a light-pen controller with a microprocessor and a list printer. Histologic sections were visualized on the color television monitor at X 1000 magnification. The diameter of myocardial fiber was measured semiautomatically by marking two points with a light pen. In this study, the sections in tDetermined using the method described previously.24 Abbreviations: HW = heart weight; VS = ventricular septum; PW = left ventricular posterior wall. which myocardial fibers were cut longitudinally or obliquely were selected, and the short axes of the fibers containing nuclei were measured ( fig. 1 ). If the myocardial fiber is a true cylinder, it is reasonable that the smallest diameter in cross section is the actual diameter. However, it is frequently difficult to decide the axis of transversely cut fibers because the outline is irregular and intricate. In longitudinally cut sections, there are two major problems in the measurement of myocardial fiber diameter. First, the diameter may be underestimated because fibers are not always cut centrally. To minimize the underestimation, measurement is restricted to fibers containing nuclei considered to be located in the center of the fibers. The second problem is the overlapping of myocardial fibers, which makes the boundary of fibers unclear. Thin sections of 3 ,t in this study minimized this problem.
In each case, diameter measurements were done in seven regions: middle layers of the right ventricular free wall, the right ventricular side, middle third and left ventricular side of the ventricular septum, and the inner, middle and outer thirds of the left ventricular free wall. Both luminal and mural trabeculations were excluded in this study; all examined regions were restricted to the compact zone of the wall. In each region, 100 randomly selected fibers were measured and averaged. The analysis was done without knowledge of the patient's disease, but recognition of the transmural location of each tissue section was unavoidable. Fibers were excluded from the analysis if their boundaries were not clearly detected, their nuclei were not located centrally or degenerative changes were prominent. The fibers at or near the edges of areas of massive fibrosis, or adjacent to interstitial spaces containing large blood vessels were also excluded.
Data Analysis
Statistical analyses were performed using two-way analysis of variance with Newman-Keuls multiple comparison test to compare myocardial fiber diameters in seven regions of each group and in each region of the three groups. The paired t test was used to compare the diameters of myocardial fibers with and without disarray. Statistical significance was determined at the level of p < 0.05.
Results
Regional Distribution of Myocardial Fiber Diameter
Normal Adult Hearts (fig. 2) Myocardial fiber diameter was 9.9 + 0.6 1i (mean ± SD) in the right ventricular free wall, 11.2 + 0.6, 12.1 + 0.9 and 12.3 ± 0.7 ,A in the right ventricular side, middle third and left ventricular side of the septum, respectively, and 13.0 + 0.7, 12.1 ± 0.9 and 11.2 ± 0.7 A in the inner, middle and outer thirds of the left ventricular free wall, respectively. The diameter decreased from the inner to the outer third of the left ventricular free wall, and from the left ventricular to the right ventricular side of the septum. The diameter in each of seven regions was not significantly different between male and female hearts. hypertensive hearts was similar to that in normal adult hearts.
HCM (fig. 4)
Myocardial fiber diameter was 12.9 ± 0.8 l in the right ventricular free wall, 14.1 + 0. 8, 16 .0 + 0.6 and 13.1 1.0 , in the right ventricular side, middle third and left ventricular side of the septum, respectively, and 15.2 + 0.8, 14.1 + 0.4 and 13.4 + 0.8 ,u in the inner, middle and outer thirds of the left ventricular free wall, respectively. In the left ventricular free wall, the diameter decreased from the inner to the outer third of the wall, as in normal adult hearts and hypertensive hearts. In the septum, the diameter was greatest in the middle third. Presumably, this finding is related to the presence of myocardial fiber disarray. Therefore, myocardial fiber diameters were compared between areas with and without disarray in 10 identical regions in seven cases of HCM. The diameter in the areas including disarray was significantly larger than that in the areas not including disarray, 15.3 0.5 vs 14.0 0.5 ,i, respectively ( fig. 5 ). Figure 6 shows the histograms of myocardial fiber diameters in the middle third of the septum in one case of each group. Compared with normal adult hearts and hypertensive hearts, the variations of diameter were very wide, ranging from 8.8 to 24.4 ,u, in hearts with HCM. Figure 7 is a comparison of myocardial fiber diameters of the right ventricular side and the left ventricular side of the septum. In normal adult hearts and hypertensive hearts, the diameter of the fibers in the left ventricular side of the septum was significantly larger than that of those in the right ventricular side of the septum, 12.3 + 0.7 vs 11.2 ± 0.6pxand 14.4 ± 1.3 vs 12.4 ± 1.0 j, respectively. This relationship was reversed in HCM: The average diameter in the left ventricular side of the septum being 13.3 + 1.0 , and that in the right ventricular side 14.1 ± 0.8 ,u (p < 0.01). Groups (fig. 8) The diameters of fibers in all regions were significantly larger in HCM and hypertensive hearts than in normal adult hearts. In HCM and hypertensive hearts, the diameter of fibers in the left ventricular free wall did not differ significantly. However, the diameters of fibers in the right ventricular free wall and the right ventricular side and middle third of the septum were significantly larger in HCM than in hypertensive hearts (p < 0.01). In contrast, the diameter in the left ventricular side of the septum was smaller in HCM than in hypertensive hearts (p < 0.05).
Comparison of Myocardial Fiber Diameter in Each Region in the Three
Relationship Between Myocardial Fiber Diameter and
Heart Weight ( fig. 9 ) Myocardial fiber diameters in each of seven regions showed a good correlation with heart weight in normal adult hearts and hypertensive hearts (p < 0.01). The values of HCM hearts deviated greatly from the regres- hypertensive hearts. The relationship in HCM between the diameter of fibers in the left ventricular free wall and heart weight was nearly the same as that in normal adult hearts and hypertensive hearts.
Discussion
Our results show that myocardial fiber diameters are not uniform throughout the wall thickness, but vary according to their depth in the ventricular wall. In normal adult hearts and hypertensive hearts, the diameter decreases from the inner to the outer third of the left ventricular free wall and from the left ventricular to fe the right ventricular side of the septum. These results i are in agreement with those of experimental studies on the intramyocardial pressure distribution throughout 4 > S +the ventricular wall.7-9 Johnson and DiPalma7 noted that during systole, the left ventricular wall showed a a 4 / gradient of pressure that decreased from the endocar-eLi// \ \ dial to the epicardial layers. Similar results were reported by Kreuzer and Schoeppe8 and Baird et al.9
Johnson7 and Kreuzer8 showed that the maximal intramyocardial pressure exceeded the maximal intraventricular pressure in the inner layers near the endocardial portion of the left ventricular wall. Furthermore, analyses of stress distribution throughout the wall this region, myocardial fibers are not arranged in parallel, but cross each other obliquely or perpendicularly ( fig. 1 ). Such an abnormal alignment of fibers would be expected to cause greater and uneven tension, which would bring about the abnormal increment and wide variations of myocardial fiber diameter ( fig. 6 ). Another characteristic finding in HCM was that the myocardial fiber diameter in the right ventricular side of the septum was larger than that in the left ventricular side of the septum. This finding, contrary to that in normal adult hearts and hypertensive hearts, is considered to be related to the curvature of the left ventricular chamber in HCM. As demonstrated by Hutchins and Bulkley,26 the ventricular septum in HCM is convex to the left ventricular cavity in the longitudinal plane. Analyzing the stress distribution in the left ventricular wall, which accounts for the irregular cavity curvature, Gould et al. 12 reported that the peak stress shifted from the endocardial surface to the epicardial surface as the curvature changed from concave inward to convex inward. When this analysis is applied to the ventricular septum, one could presume that in HCM wall stress in the right ventricular side of the septum is greater than that in the left ventricular side of the septum. This stress distribution within the ventricular septum may well explain our findings. Myocardial fiber disarray in the right and left ventricular sides of the septum cannot be considered the major or direct cause of this result, because measurements of the diameter were restricted to the regions not containing disarray.
In hypertensive hearts, the diameter of myocardial fibers in the right ventricular free wall was larger than that in normal adult hearts. Several reports have suggested that hypertensive patients have higher rightsided pressures than normal.27 29 Some investigators have postulated that the rise in right-sided pressures in hypertensive patients reflects the increasing diastolic pressures in the failing left ventricle. 29 30 Ferlinz postulated that enhanced activity of catecholamines, angiotensin or some other humoral substance that can pro-duce pulmonary vasoconstriction might be a factor in the elevated right-heart pressures in hypertensive patients . Although precise determination of the left ventricular dimension was not done in this study, none of the hypertensive hearts showed definite dilatation of the left ventricle. However, the presence of left ventricular failure cannot be completely excluded, especially in moderately or markedly hypertrophied hearts. Furthermore, the myocardial fiber diameter in the right ventricular free wall in hearts with HCM was significantly larger than that in normal adult hearts and in hypertensive hearts. Some investigators have also described hypertrophied right ventricular walls in autopsied cases of HCM.3'-3 None of the patients with HCM in the present study had obstruction to the right ventricular outflow tract or definite pulmonary diseases that would cause right ventricular hypertrophy. Although the cause of right ventricular hypertrophy in HCM is uncertain, several possibilities may be considered. First, HCM is characterized functionally by a diastolic filling failure, decreased compliance.3F39 As a result of decreased compliance, left ventricular end-diastolic and left atrial pressures and, in some cases, pulmonary arterial and right ventricular pressures are increased. Braunwald reported that the pulmonary artery systolic pressure ranged from 13 to 96 mm Hg (average 30 mm Hg), and exceeded the upper limit of normal (30 mm Hg) in 16 of 59 patients with HCM. 38 We previously reported that myocardial fiber disarray in hearts with HCM involved a large number of myocardial fibers running in a vectorally perpendicular direction to the left ventricular cavity.24 Theoretically, contraction of fibers running in a perpendicular direction would make the wall thinner and the cavity larger (systole), and relaxation of fibers would make the wall thicker and the cavity smaller (diastole). Therefore, the movement of the wall with a considerable number of fibers running in a perpendicular direction would be restricted not only in systole, but also in diastole. Such abnormal ventricular free wall also. In such cases, disarray may be considered a factor. However, this could not hold true in all cases. Other factors, such as hyperkinetic state,37" abnormal catecholamine function37 40 or congenital anomaly of muscular development,37 including the right ventricle, may also contribute. Although the CIRCULATION mechanism for the development of right ventricular hypertrophy in HCM and hypertensive hearts is complex and still unresolved, more than one factor may be involved.
